Abstract
Introduction
times, 19 subjects 4 times, and 14 subjects all 5 times (mean+SD trials per subject: 3.17+1.38, 107 total number of trials: 219).
108
During each trial two investigators stood at about 20 m from the speaker and observed 109 the subject. One of the observers also recorded the trial using the same recording gear as above.
110
We noted verbally the following behavioral measures by narrating the behaviors as they 111 occurred: flights, distance from the speaker at each flight, loud songs, soft songs, wing waves.
112
Although the amplitude variation in song sparrow songs is continuous, an experienced observer 113 can reliably classify loud songs and soft songs in the field (Anderson et al. 2008) . The trial 114 recordings were later viewed and annotated using Syrinx (John Burt, Seattle, WA; 115 www.syrinxpc.com).
116
Behavioral measures: We extracted the following behaviors as our measure of aggression from 117 each trial: rate of flights (per minute), proportion of time spent within 5m of the speaker, and 118 closest approach to the speaker during the trial. These three measures were highly correlated 119 with each other and therefore entered into a principal component analysis (PCA). The first 120 component of the PCA explained 67.9% of the variance and was taken as the aggression score.
121
We found found that the average aggression scores from these trials in 2009-2010 predicted 122 whether the birds would attack a taxidermic mount in Spring 2011 (Akçay et al. 2014a ).
123
Additionally, a similar PCA score in another study with a taxidermic mount was able to predict 124 attackers and non-attackers with 92% accuracy, whereas individual variables that went into the 125 PCA were able to predict attacks and non-attacks 77 to 81% of the time. (Akçay et al. 2013) .
126
Therefore the PCA aggression scores capture most of the important variation in aggressive 127 behavior.
We use the definition of a signal proposed by Otte (1974) interactions stemming from the fact that they are selected to be a reliable indicator of (i.e.
141
correlated with) an impending attack. Our definition of the signals are explicitly a priori but not 142 arbitrary as it draws upon extensive observational and experimental work on the natural history 143 of this species (Nice 1943; Arcese et al. 2003 ; Akçay et al. 2013; Searcy et al. 2014) . It is also 144 worth noting that because we are interested in studying the evolution and maintenance of signal 145 reliability, we need to define signals and the non-signaling behaviors they predict in an a priori 146 manner, independent of the correlation between them. Nevertheless, we also demonstrate that the 147 putative signaling behaviors and aggressive behaviors correspond to separate behavioral modules 148 using a confirmatory factor analysis (CFA), as suggested by Araya-Ajoy and Dingemanse 149 (2014). We ran two separate CFA models using the package "sem" in R (Fox et al. 2013) and is highly correlated with wing waves.
168
Survival: We censused the study area at least once every two weeks in between January 2010 169 and February 2015 except in November and December of each year to determine whether 170 subjects were still alive on territory. Survival on territory is a major component of male fitness 171 (Smith 1988), as territory ownership is a prerequisite to both being paired with a female and 172 having any extra-pair copulations (Sardell et al. 2010; Hill et al. 2011) . Each territory was 173 searched extensively, using playback as necessary. In cases, when a new male was detected, we continued to check the territory as well as the neighboring territories for the former owner. We 175 considered a subject to have disappeared permanently if the subject was not seen on his territory 176 or any of the nearby territories (within two territories of the original one) and the area was being 177 actively defended by a new male. This operational measure of survival is based on 25 years of 178 continuous study of our study population, validated by studies in other populations (Smith 1988; 179 Arcese 1989; Hughes and Hyman 2013). Two of the subjects held territories that were adjacent 180 to an army base where we could not engage in extensive searching and so were excluded from 181 the analyses, as we could not be sure whether they had disappeared or simply made a short move scores and average soft song rates across all trials for a given subject.
191
Our main analysis was the phenotypic selection analysis proposed by Lande and Arnold 192 (1983) . The phenotypic selection analysis yields selection gradients that are readily comparable 
208

Results
209
In the phenotypic selection analysis with aggression scores and soft songs, two selection 210 coefficients were significant: the quadratic term for soft songs with a negative coefficient 211 indicating stabilizing selection and the interaction term again with a negative coefficient, 212 indicating negative correlational selection (Table 1) 
256
The above conclusion is also consistent with a handful of previous studies which Specifically, in an experiment in which 31 out 48 subjects attacked the mount, rates of soft songs 282 correctly predicted 88% of non-attacks (i.e. these non-attackers sang soft songs at low levels, and 283 only 12% of non-attackers were over-signalers) but only 55% of attacks (i.e. 45% of attackers 284 also sang soft songs at low levels and thus were under-signalers). (Akçay et al. 2013) . Figure 2 285 also shows a similar pattern in the current dataset (more under-signalers than over-signalers).
Over-signaling has been long recognized as a problem for the evolution and maintenance of Another question posed by our results is why the under-signalers and over-signalers seem
295
to have a fitness benefit in terms of survival to start with. We provide two hypotheses, one for 296 under-signaling and one for over-signaling. First, an over-signaling low aggression male might 297 be more effective in holding on to his territory without paying the cost of physical fights if they 298 are rare enough that receivers still pay attention to the signals. This is the standard argument that 299 signaling systems can carry a limited amount of "cheaters" and be stable (Johnstone and Grafen 300 1993; Adams and Mesterton-Gibbons 1995; Rowell et al. 2006 ). The fact that over-signalers 301 seem to be rare in our population would fit these models.
302
The fitness benefit to under-signalers may stem from the fact that signaling often exposes 303 the signalers to risk of predation, a common cause of territory loss. Predation risk tends to be 304 especially increased during aggressive encounters (Jakobsson et al. 1995) . In our population, In summary our study indicates that there may be opposing selective forces on reliable hard to gauge what the response to selection will be in this system but we can rule out current 323 correlational selection as the cause of maintenance of reliability in this honest signaling system.
324
The present study is a first step in understanding the role of individually consistent variation in Figure S1 . Selection surface viewed from a different angle (aggression scores increase towards the back of the plot). The stabilizing selection on soft songs can be seen from this angle as an increase in average fitness towards the middle of the range of soft songs.
Lande-Arnold phenotypic selection analyses on rates of soft songs and aggressive behaviors.
The tables below report coefficients from the summary output from R-code (attached as supplementary material). Note that the quadratic term coefficients and SEs need to be doubled for selection gradients. See main text for the details of the Lande-Arnold phenotypic selection analysis, as well as Lande and Arnold (1983) . Survival and age: For 33 of the 67 subjects for whom we have survival information, we also have information on the exact age of the male because they were banded in the nest, in their juvenile plumage (before their first September) or singing plastic song during their first fall. In previous analyses, reported in Akçay et al. (2014a), we did not find an effect of age on aggression scores or aggressive signaling scores. To ask whether the effects of the predictor variables on survival could be attributed to age we ran a separate set of analyses with the subset of subjects for whom we had age data by adding the age as a covariate in a Cox regression (Cox 1972) along with the same predictor variables as in the phenotypic selection model. The Cox regression was carried out with the package 'survival' in R. (Therneau and Lumley 2014) . We then model-averaged the resulting model by taking every model within 2 ΔAIC of the best model. The model averaged results show a significant effect of age (birds that were older in 2009 were less likely to survive longer, which is somewhat trivial) and crucially, a significant interaction of soft songs and aggression scores, indicating negative correlational selection. 
